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T

he approach to patients with heartburn and
noncardiac chest pain is at times confusing.
Deciding who should be evaluated by upper
endoscopy and determining the first line of
treatment may be unclear. This article reviews the
pathophysiology, clinical manifestations, and management of 2 of the most common upper gastrointestinal motility disorders, nonerosive reflux disease
and esophageal chest pain. These disorders lack the
mucosal abnormalities typically associated with gastroesophageal reflux disease (GERD), such as erosive
esophagitis, peptic stricture, and Barrett’s esophagus.
Recent research on the brain–gut axis has provided
new insight into the importance of sensory dysfunction
in these 2 disorders.
NONEROSIVE REFLUX DISEASE
Approximately 20% of the adult population experiences heartburn on a weekly basis.1 However, only a
fraction of these individuals seek medical attention
because of the availability of over-the-counter antacids,
histamine2-receptor antagonists (H2RAs), and proton
pump inhibitors (PPIs), which allows them to selfmedicate. Nonerosive reflux disease refers to an entity
where individuals complain of heartburn but do not
have the endoscopic mucosal complications of erosive
esophagitis, peptic stricture, or Barrett’s esophagus.
Nonerosive reflux disease is the most common subgroup of GERD. Up to 72% of patients who present to
general practitioners with heartburn have nonerosive
reflux disease.2
Traditionally, GERD has been described as a spectrum of disease, from mild GERD with intermittent
heartburn and normal esophageal mucosa to severe
GERD with mucosal complications of Barrett’s esophagus. However, little clinical data are available to support
this disease continuum. Heartburn is equally severe in
patients with nonerosive reflux disease and in those
with erosive esophagitis.3 Fass and Ofman4 have pro-
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TAKE HOME POINTS
• Nonerosive reflux disease refers to an entity in
which patients have heartburn without endoscopic
evidence of erosive esophagitis, peptic stricture, or
Barrett’s esophagus.
• Esophageal chest pain accounts for approximately
50% of cases of chest pain in the absence of coronary artery disease; the most common cause of
esophageal chest pain is acid reflux.
• Many patients with nonerosive reflux disease and
esophageal chest pain have a heightened conscious
perception of visceral stimuli within the esophagus.
• An empiric trial of acid suppression should be the
first line of therapy in patients with heartburn and
noncardiac chest pain without alarm symptoms.

posed a new conceptual approach to GERD in which
nonerosive reflux disease, erosive esophagitis, and
Barrett’s esophagus are separate entities with distinct
pathophysiologies. Patients tend to remain within these
clinical groups over time with little crossover between
them. The management goals of nonerosive reflux
disease are as follows: (1) identify patients with alarm
features who require diagnostic testing, (2) implement
an empiric therapeutic trial to improve symptoms, and
(3) manage patients in a cost-effective manner.
Pathophysiology
The traditional mechanisms associated with complicated GERD, such as a diminished lower esophageal
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sphincter (LES) pressure and a large hiatal hernia, are
uncommon in both nonerosive and erosive reflux disease. However, there is less acid exposure in nonerosive
reflux disease compared with erosive esophagitis or
Barrett’s esophagus.5,6 The baseline resting LES pressure
is usually normal, and acid reflux tends to occur during
transient LES relaxations that are not associated with
swallows. Transient LES relaxation is a postprandial phenomenon mediated by the vagal reflex, especially after a
fatty meal or during distention of the gastric fundus.
Nonerosive reflux disease is seen in a heterogeneous group of patients. A proposed conceptual
model of the brain–gut axis for esophageal functional
symptoms has been proposed by Fass (Figure).7 Some
patients have excessive pathologic acid reflux as the
intraesophageal stimuli, while others have normal
physiologic acid exposure, suggesting acid hypersensitivity. Visceral hypersensitivity is a heightened
conscious perception of visceral stimuli independent
of the intensity. Heartburn is perceived and modified
by the central nervous system, a complicated process
that is being elucidated using esophageal evoked potentials by electroencephalogram, positron emission
tomography, functional magnetic resonance imaging,
and other methodologies.8 Using functional magnetic
resonance imaging, Kern et al9 have shown that the
same intraesophageal acid stimuli activate different
areas of the brain in patients with GERD versus normal volunteers. Esophageal symptoms are also modified by peripheral factors such as visceral afferents
from other organs that converge at similar spinal cord
levels. For example, infusion of fat and acid in the
duodenum has been shown to lower the esophageal
threshold for heartburn and chest pain.10,11 However,
the importance of peripheral modification of intraesophageal stimuli is still unclear.
Clinical Manifestations
The symptoms of acid reflux are obvious to health
care providers, although patients often describe their
symptoms in nonspecific ways. A complaint of epigastric
burning may or may not indicate acid reflux. In a prospective study, Carlsson et al12 utilized a self-administered
questionnaire to determine how patients describe their
symptoms of GERD and to determine symptom patterns
in reflux disease. By describing heartburn as “a burning
feeling rising from the stomach or lower chest up towards the neck,” the questionnaire had a 92% sensitivity
for GERD, using endoscopic erosive esophagitis or positive pH monitoring as the gold standard for diagnosis.12
This upward motion of burning sensation is a better
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Figure. Proposed conceptual model for the brain–gut axis in
nonerosive reflux disease and esophageal chest pain. (Adapted
with permission from Fass R. Sensory testing of the esophagus.
J Clin Gastroenterol 2004;38:631.)

description of acid reflux than stationary epigastric or
chest burning.
As with erosive esophagitis, heartburn in nonerosive reflux disease is exacerbated by certain foods
and by postural changes. Fatty and spicy foods, coffee
(both caffeinated and decaffeinated), and acidic beverages can elicit reflux in some patients. Heartburn
in nonerosive reflux disease usually occurs during the
day, whereas nocturnal symptoms are more common
in patients with erosive esophagitis.5 The presence of
nocturnal heartburn, regurgitation, and choking are
markers for severe GERD associated with low baseline
LES pressure and large hiatal hernia.
Although patients with nonerosive esophageal reflux disease have a minimal amount of acid reflux, the
heartburn they experience is often severe and refractory
to empiric acid suppression, most likely due to visceral
acid hypersensitivity.13 In a prospective study of patients
with alarm symptoms of GERD and in patients with
refractory heartburn, women were more likely to have
nonerosive reflux disease than men.14 Coexisting anxiety
and depression may be present.15 General stress and psychologic comorbidities are important in some patients
with GERD, especially in those with nonerosive reflux
disease. Some patients suffer from general psychological
distress rather than a specific psychiatric disorder.
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Table 1. Alarm Signs and Symptoms of Gastroesophageal
Reflux Disease

Table 2. Risk Factors for Barrett’s Esophagus

Dysphagia

Caucasian race

Odynophagia

Heartburn duration > 10 yr

Gastrointestinal bleeding*

Age > 50 yr

Male gender

Weight loss
Iron-deficiency anemia
*Hematemesis, melena, or hematochezia.

Diagnostic Testing
An empiric trial of acid suppression therapy should
be implemented first in patients with classic symptoms
of heartburn and acid regurgitation. Upper endoscopy
does not help direct antireflux therapy as demonstrated
in a prospective outcome study.14 However, the presence
of alarm symptoms should alert the physician to the
possibility of reflux complications (Table 1). The American College of Gastroenterology practice guidelines
for GERD recommend diagnostic testing if the patient
exhibits alarm symptoms of GERD, is not responsive
to therapy, requires continuous chronic maintenance,
or has symptoms for a sufficient duration to be at risk
for Barrett’s esophagus.16 The risk factors for Barrett’s
esophagus are based on patient demographics and
heartburn duration rather than on heartburn severity
(Table 2).17,18 Endoscopy can improve the management
of GERD in 40% of patients with alarm symptoms by dilating esophageal strictures, finding Barrett’s esophagus
to initiate surveillance, or finding severe esophagitis to
indicate the need for chronic maintenance therapy.14
Radiography with barium swallow using a barium tablet
is a reasonable approach to detect stricture in patients
with dysphagia, but endoscopy is much more sensitive
in detecting mucosa abnormalities.
Ambulatory pH monitoring should be reserved for
patients with refractory heartburn that does not resolve
despite high-dose PPI therapy. However, up to half of
patients with nonerosive reflux disease will have normal total acid exposure in the distal esophagus by pH
monitoring.19–21 Patients should record their symptoms
during pH monitoring to look for a correlation between
heartburn and acid reflux, but symptom correlation
occurs in only one third of patients with nonerosive
reflux disease.22 The Bravo catheter-free pH monitoring
system is an alternative that transmits pH data via radiofrequency telemetry to a receiver worn by the patient,
avoiding the discomfort of the traditional transnasal pH
catheter.23 The Bravo capsule is placed 6 cm above the
gastroesophageal junction to quantify acid reflux in the
distal esophagus over a period of 48 hours. Bravo pH
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telemetry has the potential to improve the detection of
abnormal acid reflux and to improve symptom correlation, but the data to support this hypothesis are limited.
Patients with heartburn despite normal total acid exposure and negative symptom correlation are described
as having functional heartburn by the Rome III criteria
for gastrointestinal functional disorders.24 Psychological
factors and central sensory disturbance may be more
important in patients with functional heartburn than in
patients with nonerosive reflux disease.
Treatment
Heartburn traditionally is treated using a stepwise
approach to therapy that begins with lifestyle modification and includes use of antacids, H2RAs, and PPIs.
However, there are limited data to support this approach based on efficacy and cost, especially when the
lower costs of over-the-counter and generic PPIs are
considered. A trial of H2RAs in patients with mild and
infrequent heartburn is reasonable, but these agents
have limited benefit. In a randomized controlled trial
involving GERD patients with heartburn, doubling
the dose of H2RAs did not provide a greater benefit in
patients who did not respond to a single dose.25 PPIs
are clearly more efficacious than H2RAs. In a study of
patients with nonerosive reflux disease, 24% of those
taking cimetidine were asymptomatic after 24 weeks as
compared with 60% of those taking omeprazole.26 In
patients whose heartburn does not resolve with singledose PPI therapy, switching to a different PPI can be as
effective as doubling the dose.27 Overall, patients with
nonerosive reflux disease are less responsive to a PPI
than patients with erosive esophagitis. In a review of
7 randomized trials, Dean et al28 found that the symptom response rate for PPIs is only 37% for nonerosive reflux disease as compared with 56% for erosive
esophagitis, suggesting that acid hypersensitivity is not
resolved by PPI therapy.
Alternative antireflux therapy regimens have been
proposed. Over-the-counter omeprazole 20 mg for
14 days is an effective initial regimen in patients complaining of heartburn.29 An on-demand PPI regimen
is reasonable in some patients with infrequent heartburn, and computer models have suggested that this
www.turner-white.com
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approach can be cost-effective for nonerosive reflux
disease.30 Stepwise reduction of therapy should be attempted in patients with heartburn controlled by daily
PPI maintenance. In prospective studies by Inadomi
et al,31,32 stepwise reduction of therapy was successful
in 58% of the patients on a single-dose PPI and in 80%
on high-dose PPI therapy. Heartburn may improve
with treatment for anxiety in individuals with sustained
stress, which is correlated with heartburn severity.33 Relaxation training also has been successful, and esophageal acid exposure was reduced in patients who experienced increasing heartburn during stress events.34
The benefit of antireflux surgery in nonerosive reflux
disease has not been clearly demonstrated and remains
controversial. Some investigators have reported that the
short-term results (ie, symptomatic relief) of laparoscopic fundoplication were similar in patients with and without erosive esophagitis.35 However, in a long-term study
with a mean follow-up of 11 years, Spechler et al36 found
that 62% of patients who had open fundoplication continued to use antireflux medication on a regular basis.
Randomized trials have reported no significant difference in symptom improvement between medical and
surgical therapy for GERD.36,37 Success of laparoscopic
fundoplication highly depends on surgical expertise
and patient selection. Postoperative complications are
not uncommon and include persistent bloating, dysphagia, diarrhea, and increased flatus.38 We believe fundoplication should be avoided in patients with nonerosive
reflux disease, especially in those with acid hypersensitivity, normal or minimal acid reflux by pH monitoring,
and psychosocial comorbidity and in those who do not
respond to high-dose PPI therapy.
ESOPHAGEAL CHEST PAIN
Chest pain is a common symptom and is often characterized by recurrent episodes of retrosternal chest pain
suggestive of myocardial ischemia. Approximately 30%
of patients with chest pain have normal coronary arteries by cardiac catheterization. Noncardiac chest pain is
a general term used to describe chest pain from other
causes in the absence of coronary artery disease. Between
23% and 33% of the general population has noncardiac
chest pain,1,39 and it accounts for 2% to 5% of all cases
presenting to emergency departments.40 Patients with
noncardiac chest pain are more likely to be treated by
a primary care physician and not be referred to specialists.41 The potential causes of acute and chronic noncardiac chest pain are numerous (Table 3). The most
common causes are esophageal in origin, accounting for
approximately 50% of patients who present with noncardiac pain.42 The management goals of esophageal chest
www.turner-white.com

Table 3. Potential Causes of Acute and Chronic Noncardiac
Chest Pain
Gastrointestinal
Gastroesophageal reflux
Paraesophageal hernia
Achalasia
Hypercontracting esophagus
Pill esophagitis
Esophageal perforation
Hematologic
Acute chest syndrome of sickle cell disease
Pulmonary
Pulmonary emboli
Pneumothorax
Pleural inflammation
Vascular
Thoracic aortic dissection
Pericardial
Pericarditis
Myocarditis
Musculoskeletal
Costochondritis
Muscular pain/strain
Pathologic fractures
Metastasis to chest wall
Cutaneous
Herpes zoster
Psychological
Panic attack

pain are as follows: (1) identify patients with signs and
symptoms to suggest other causes requiring further testing, (2) implement an empiric PPI trial as a diagnostic
tool and to improve symptoms, and (3) manage patients
in a cost-effective manner.
Pathophysiology
The precise mechanism causing chest pain is poorly
understood. The sensation of esophageal chest pain
has been attributed to stimulation of chemoreceptors,
mechanoreceptors, and possibly thermoreceptors. The
conceptual model for the brain–gut axis of esophageal
chest pain is the same as that in nonerosive reflux
disease (Figure). The amount of esophageal acid exposure is physiologically within normal limits in some
patients, suggesting mechanisms of visceral hypersensitivity. Patients with esophageal chest pain have a lower
Hospital Physician February 2007
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pain threshold than normal volunteers with intraesophageal stimuli, such as acid infusion, graded balloon distention, and electrical stimulation.43–45 Studies
with esophageal evoked potentials suggest that pain hypersensitivity results from enhanced afferent transmission and altered cortical processing of the signal.45,46
The most common cause of noncardiac chest pain
is GERD, occurring in 40% to 50% of patients. It is unclear why some patients with GERD develop chest pain
while others have typical heartburn. The infusion of
acid has been shown to lower the esophageal distension
threshold for chest pain, implying that pain receptors
are sensitized by acid.47,48 A hypercontracting esophagus,
such as diffuse esophageal spasm, high-amplitude peristaltic contraction (nutcracker esophagus), and hypertensive LES, are found in 10% to 28% of patients with
noncardiac chest pain.49,50 However, these motility patterns are most likely nonspecific phenomena from external stimuli such as acid reflux rather than the underlying cause for the chest pain. Approximately one third
of patients with high-amplitude peristaltic contraction
have GERD.51 Furthermore, nearly half of patients with
a hypercontracting esophagus determined by esophageal manometry have normal findings if manometry is
repeated.52 In some patients, the causes of chest pain
may be multifactorial. Coronary artery disease and acid
reflux coexist in up to 67% of patients, which further
increases the difficulty in differentiating whether pain is
esophageal or cardiac in origin.53
Clinical Manifestations
In the emergency department, it is difficult to accurately differentiate cardiac from noncardiac chest
pain. Patients may present with squeezing, substernal
chest pain radiating to the back, left shoulder, or jaw,
mimicking myocardial ischemia. There is a good deal
of overlap in chest pain location, intensity, and demographics between cardiac and noncardiac chest pain.54
Many patients are admitted because of concern over
missing a cardiac event. Comprehensive triage protocols can differentiate between patients at high risk
and low risk for myocardial infarction.55,56 Acute chest
pain associated with respiration, shortness of breath, or
cough suggests pulmonary emboli or pleuritis. Severe
piercing chest pain with a brachial blood pressure difference of greater than 20 mm Hg between the 2 arms
suggests thoracic aortic dissection. Panic attack often
presents with acute chest pain and can be identified
using a diagnostic model.57
Most patients present to the general practitioner or
specialist with recurrent or chronic chest pain after cardiac causes are excluded. The presence of heartburn,

38 Hospital Physician February 2007

regurgitation, dysphagia, or odynophagia should suggest
esophageal chest pain. Chest pain occurring at night or
exacerbated by eating should suggest the presence of
GERD. Achalasia should be considered if the patient has
persistent dysphagia. Overall, patients with noncardiac
chest pain have a favorable prognosis with very low risk
of myocardial infarction and death.58,59 However, nearly
half of patients continue to have chest pain at least once
per month, and many report interruption of daily activities and frequent work absenteeism.59,60 Somatization,
anxiety, or depression also may be present.61
Diagnostic Evaluation
Before a diagnosis of esophageal chest pain can be
made, cardiac causes must be excluded by a reasonable
evaluation. In patients with acute onset of chest pain,
pulmonary emboli, pericarditis, and thoracic aortic dissection must also be excluded. In patients with recurrent
chest pain, a detailed history and physical examination
are needed to identify the underlying cause (Table 3).
A diagnostic trial of high-dose PPIs should be the first
step in patients with esophageal chest pain and in patients with chest pain of unclear etiology. The effectiveness of the “PPI test” was first demonstrated by Fass et
al62 in a randomized controlled trial involving patients
with noncardiac chest pain that compared a 7-day regimen of high-dose omeprazole (40 mg every morning
and 20 mg every evening) with placebo; this test was
both sensitive and specific for diagnosing GERD in
patients with noncardiac chest pain. Subsequent studies have confirmed this finding. A response to a short
course of high-dose PPIs has a sensitivity of 75% to 92%
and a specificity of 67% to 90% for identifying GERD,
using ambulatory pH monitoring as the gold standard
for diagnosis.62–65 Computer decision analysis models
have supported the cost-effectiveness of this strategy.66
Starting with a PPI trial can reduce the number of invasive diagnostic procedures by 43% to 59%.62,66
Diagnostic procedures should be reserved for patients who do not respond to the PPI trial. Routine
use of upper endoscopy is not recommended because
the mucosal complications of GERD are found in only
10% to 25% of patients with noncardiac chest pain.67
Upper endoscopy is reasonable if typical heartburn
is present and there is an indication for endoscopy
(Table 1). Ambulatory esophageal pH monitoring has
the highest yield in detecting reflux disease in noncardiac chest pain, as compared with upper endoscopy,
esophageal manometry, or provocation testing.68 Chest
pain episodes should be recorded during pH monitoring to correlate symptoms with acid reflux. Bravo
wireless pH telemetry extends the test to 2 days, which
www.turner-white.com
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allows patients to report more chest pain episodes
and offers greater opportunity for symptom correlation.69 Esophageal manometry can be helpful in some
patients, especially when ambulatory pH monitoring
is not diagnostic. However, analysis of data from a multicenter esophageal manometry database showed that
hypercontracting esophageal dysmotility occurs in only
10% of patients with noncardiac chest pain.49 Acid reflux is still the most likely underlying cause of noncardiac chest pain, even when manometry is abnormal.
Given its low yield, esophageal manometry should not
be the initial diagnostic test in patients with noncardiac
chest pain unless achalasia is suspected.
Esophageal provocation tests for esophageal chest
pain have been well described in the literature. However, their results usually do not direct effective therapy,
and the diagnostic yields are lower than ambulatory
pH monitoring. The acid perfusion (Bernstein) test is
performed by infusing the esophagus with 0.1 N hydrochloric acid versus saline to determine the ability of acid
to reproduce chest pain. A positive acid perfusion test is
quite specific for GERD-related chest pain (83%–94%),
but the sensitivity is less than 40%.70 Intravenous bolus
of edrophonium, an acetylcholinesterase inhibitor that
increases esophageal amplitude and repetitive esophageal contraction, has been used to provoke the patient’s
usual chest pain. The diagnostic yield of the edrophonium test is between 14% and 30% in patients with
noncardiac chest pain,71–73 but the test is also positive in
16% of normal volunteers.73 The sensitivity and specificity of the edrophonium test are unknown because there
is no gold standard test for esophageal motility–related
chest pain. Stepwise esophageal balloon distension is
also used as a provocation test. Patients with esophageal chest pain have a lower distension threshold than
normal volunteers.74,75 A positive balloon distention test
may identify patients with visceral hypersensitivity to distension, but it does not guide therapy.
Treatment
The diagnostic value of a 1- to 2-week course of
high-dose PPIs to identify reflux-related chest pain
is described above.62–65,76 The therapeutic benefit of
a longer PPI course has also been documented in
randomized controlled trials.63,77,78 Improvement is
reported in patients with and without abnormal total
acid exposure, suggesting acid hypersensitivity with a
physiologic amount of reflux.63 A PPI is also effective
in patients with hypercontracting dysmotility.78 Empiric
treatment with a double-dose PPI for 2 to 3 months is
a reasonable approach. Medications to relax the hypercontracting esophagus, such as nitrates and calcium
www.turner-white.com

channel blockers, are generally not helpful. Nifedipine
and diltiazem were not better than placebo in reducing chest pain in randomized controlled trials.79,80
These results are not surprising because abnormal
esophagus motility is not the underlying cause of chest
pain in most patients.
A few randomized controlled studies have reported
the benefit of tricyclic antidepressants and serotonin
reuptake inhibitors in noncardiac chest pain at doses
lower than those used to treat depression.81–83 Although
the mechanism of this benefit is unknown, these agents
may produce their effects by impacting the pain and
sleep pathways rather than by antidepressant effects.
Trazodone can produce global improvement and reduce distress from esophageal symptoms.81 Treatment
of anxiety and panic attack can be effective in patients
with noncardiac chest pain and panic disorder.84 Cognitive behavioral therapy may be successful in selected
patients by improving chest pain episodes, psychological distress, and functional capacity.85–87 This approach
includes education, controlled breathing, relaxation
training, and diversion of attention from pain.
Potential detrimental treatments should be avoided.
Opiate medications should not be used in long-term
management. Antireflux surgery is best avoided in
patients with esophageal chest pain, especially if symptoms do not improve with PPI therapy and even if acid
reflux is documented by pH monitoring. Fundoplication can relieve GERD but may exacerbate visceral
hypersensitivity and esophageal distension. The longterm prognosis of patients with noncardiac chest pain
is very good, but the quality of life may be poor. Treatment of refractory noncardiac chest pain can be very
challenging, especially if a treatable cause is not found
or the patient has significant psychosomatic problems.
CONCLUSION
Nonerosive reflux disease and esophageal chest
pain are common conditions. Perceived symptoms of
heartburn and chest pain are caused by pathologic or
physiologic intraesophageal stimuli with visceral hypersensitivity. There is an association between these esophageal disorders and general psychological distress,
specifically anxiety and depression. Diagnostic testing
is recommended in patients with alarm features of
GERD and in patients with signs and symptoms to suggest causes other than the esophagus. An empiric trial
of acid suppression therapy should be implemented.
In patients with esophageal chest pain or chest pain
of unclear etiology, high-dose PPI therapy is a costeffective diagnostic test. Further evaluation should be
reserved for patients unresponsive to PPIs.
HP
Hospital Physician February 2007

39

Hatfield & Wo : Nonerosive Reflux Disease : pp. 34–42
REFERENCES
1. Locke GR 3rd, Talley NJ, Fett SL, et al. Prevalence
and clinical spectrum of gastroesophageal reflux: a
population-based study in Olmsted County, Minnesota.
Gastroenterology 1997;112:1448–56.
2. Nakamura T, Shirakawa K, Masuyama H, et al. Minimal
change oesophagitis: a disease with characteristic differences to erosive oesophagitis. Aliment Pharmacol Ther
2005;21 Suppl 2:19–26.
3. Venables TL, Newland RD, Patel AC, et al. Omeprazole
10 milligrams once daily, omeprazole 20 milligrams
once daily, or ranitidine 150 milligrams twice daily,
evaluated as initial therapy for the relief of symptoms of
gastro-oesophageal reflux disease in general practice.
Scand J Gastroenterol 1997;32:965–73.
4. Fass R, Ofman JJ. Gastroesophageal reflux disease––
should we adopt a new conceptual framework? Am J
Gastroenterol 2002;97:1901–9.
5. Frazzoni M, De Micheli E, Savarino V. Different patterns
of oesophageal acid exposure distinguish complicated
reflux disease from either erosive reflux oesophagitis
or non-erosive reflux disease. Aliment Pharmacol Ther
2003;18:1091–8.
6. Martinez SD, Malagon IB, Garewal HS, et al. Non-erosive
reflux disease (NERD)––acid reflux and symptom patterns. Aliment Pharmacol Ther 2003;17:537–45.
7. Fass R. Sensory testing of the esophagus. J Clin Gastroenterol 2004;38:628–41.
8. Aziz Q, Thompson DG. Brain–gut axis in health and
disease. Gastroenterology 1998;114:559–78.
9. Kern M, Hofmann C, Hyde J, Shaker R. Characterization of the cerebral cortical representation of heartburn
in GERD patients. Am J Physiol Gastrointest Liver Physiol 2004;286:G174–81.
10. Meyer JH, Lembo A, Elashoff JD, et al. Duodenal fat intensifies the perception of heartburn. Gut 2001;49:624–8.
11. Hobson AR, Khan RW, Sarkar S, et al. Development of
esophageal hypersensitivity following experimental duodenal acidification. Am J Gastroenterol 2004;99:813–20.
12. Carlsson R, Dent J, Bolling-Sternevald E, et al. The usefulness of a structured questionnaire in the assessment
of symptomatic gastroesophageal reflux disease. Scand J
Gastroenterol 1998;33:1023–9.
13. Trimble KC, Pryde A, Heading RC. Lowered oesophageal sensory thresholds in patients with symptomatic but
not excess gastro-oesophageal reflux: evidence for a spectrum of visceral sensitivity in GORD. Gut 1995;37:7–12.
14. Wo JM, Mendez C, Harrell S, et al. Clinical impact of
upper endoscopy in the management of patients with
gastroesophageal reflux disease. Am J Gastroenterol
2004;99:2311–6.
15. Baker LH, Lieberman D, Oehlke M. Psychological distress in patients with gastroesophageal reflux disease.
Am J Gastroenterol 1995;90:1797–803.
16. DeVault KR, Castell DO. Updated guidelines for the
diagnosis and treatment of gastroesophageal reflux disease. The Practice Parameters Committee of the Ameri-

40 Hospital Physician February 2007

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

can College of Gastroenterology. Am J Gastroenterol
1999;94:1434–42.
Lieberman DA, Oehlke M, Helfand M. Risk factors
for Barrett’s esophagus in community-based practice.
GORGE consortium. Gastroenterology Outcomes Research Group in Endoscopy. Am J Gastroenterol 1997;92:
1293–7.
Sampliner RE. Updated guidelines for the diagnosis,
surveillance, and therapy of Barrett’s esophagus. Practice Parameters Committee of the American College of
Gastroenterology. Am J Gastroenterol 2002;97:1888–95.
Johnsson F, Weywadt L, Solhaug JH, et al. One-week
omeprazole treatment in the diagnosis of gastrooesophageal reflux disease. Scand J Gastroenterol 1998;
33:15–20.
Lind T, Havelund T, Carlsson R, et al. Heartburn without oesophagitis: efficacy of omeprazole therapy and
features determining therapeutic response. Scand J Gastroenterol 1997;32:974–9.
Schenk BE, Kuipers EJ, Klinkenberg-Knol EC, et al.
Omeprazole as a diagnostic tool in gastroesophageal
reflux disease. Am J Gastroenterol 1997;92:1997–2000.
Fass R, Fennerty MB, Vakil N. Nonerosive reflux
disease—current concepts and dilemmas. Am J Gastroenterol 2001;96:303–14.
Pandolfino JE, Richter JE, Ours T. Ambulatory esophageal pH monitoring using a wireless system. Am J Gastroenterol 2003;98:740–9.
Galmiche JP, Clouse RE, Balint A, et al. Functional esophageal disorders. Gastroenterology 2006;130:1459–65.
Kahrilas PJ, Fennerty MB, Joelsson B. High- versus
standard-dose ranitidine for control of heartburn in
poorly responsive acid reflux disease: a prospective, controlled trial. Am J Gastroenterol 1999;94:92–7.
Bate CM, Green JR, Axon AT, et al. Omeprazole is more
effective than cimetidine in the prevention of recurrence
of GERD-associated heartburn and the occurrence of
underlying oesophagitis. Aliment Pharmacol Ther 1998;
12:41–7.
Fass R, Sontag SJ, Traxler B, Sostek M. Treatment of
patients with persistent heartburn symptoms: a doubleblind, randomized trial. Clin Gastroenterol Hepatol 2006;
4:50–6.
Dean BB, Gano AD Jr, Knight K, et al. Effectiveness of
proton pump inhibitors in nonerosive reflux disease.
Clin Gastroenterol Hepatol 2004;2:656–64.
Allgood LD, Grender JM, Shaw MJ, Peura DA. Comparison of Prilosec OTC (omeprazole magnesium
20.6 mg) to placebo for 14 days in the treatment of frequent heartburn. J Clin Pharm Ther 2005;30:105–12.
Hughes DA, Bodger K, Bytzer P, et al. Economic analysis
of on-demand maintenance therapy with proton pump
inhibitors in patients with non-erosive reflux disease.
Pharmacoeconomics 2005;23:1031–41.
Inadomi JM, Jamal R, Murata GH, et al. Step-down management of gastroesophageal reflux disease. Gastroenterology 2001;121:1095–100.

www.turner-white.com

Hatfield & Wo : Nonerosive Reflux Disease : pp. 34–42
32. Inadomi JM, McIntyre L, Bernard L, Fendrick AM. Stepdown from multiple- to single-dose proton pump inhibitors (PPIs): a prospective study of patients with heartburn
or acid regurgitation completely relieved with PPIs. Am J
Gastroenterol 2003;98:1940–4.
33. Naliboff BD, Mayer M, Fass R, et al. The effect of life
stress on symptoms of heartburn. Psychosom Med 2004;
66:426–34.
34. McDonald-Haile J, Bradley LA, Bailey MA, et al. Relaxation training reduces symptom reports and acid exposure in patients with gastroesophageal reflux disease.
Gastroenterology 1994;107:61–9.
35. Bammer T, Freeman M, Shahriari A, et al. Outcome of
laparoscopic antireflux surgery in patients with nonerosive reflux disease. J Gastrointest Surg 2002;6:730–7.
36. Spechler SJ, Lee E, Ahnen D, et al. Long-term outcome
of medical and surgical therapies for gastroesophageal
reflux disease: follow-up of a randomized controlled trial.
JAMA 2001;285:2331–8.
37. Lundell L, Miettinen P, Myrvold HE, et al. Continued
(5-year) follow-up of a randomized clinical study comparing antireflux surgery and omeprazole in gastroesophageal reflux disease. J Am Coll Surg 2001;192:172–81.
38. Spechler SJ. The management of patients who have
“failed” antireflux surgery. Am J Gastroenterol 2004;99:
552–61.
39. Eslick GD, Jones MP, Talley NJ. Non-cardiac chest pain:
prevalence, risk factors, impact and consulting—a
population-based study. Aliment Pharmacol Ther 2003;
17:1115–24.
40. Eslick GD, Talley NJ. Non-cardiac chest pain: squeezing
the life out of the Australian healthcare system [editorial]? Med J Aust 2000;173:233–4.
41. Wong WM, Beeler J, Risner-Adler S, et al. Attitudes and
referral patterns of primary care physicians when evaluating subjects with noncardiac chest pain––a national
survey. Dig Dis Sci 2005;50:656–61.
42. Richter JE, Bradley LA, Castell DO. Esophageal chest
pain: current controversies in pathogenesis, diagnosis,
and therapy. Ann Intern Med 1989;110:66–78.
43. Sarkar S, Aziz Q, Woolf CJ, et al. Contribution of central
sensitisation to the development of non-cardiac chest
pain. Lancet 2000;356:1154–9.
44. Rao SS, Gregersen H, Hayek B, et al. Unexplained chest
pain: the hypersensitive, hyperreactive, and poorly compliant esophagus. Ann Intern Med 1996;124:950–8.
45. Hobson AR, Furlong PL, Sarkar S, et al. Neurophysiologic assessment of esophageal sensory processing in
noncardiac chest pain. Gastroenterology 2006;130:80–8.
46. DeVault KR, Castell DO. Esophageal balloon distention
and cerebral evoked potential recording in the evaluation
of unexplained chest pain. Am J Med 1992;92:20S–26S.
47. Mehta AJ, de Caestecker JS, Camm AJ, Northfield TC.
Sensitization to painful distention and abnormal sensory perception in the esophagus. Gastroenterology 1995;
108:311–9.
48. Hu WH, Martin CJ, Talley NJ. Intraesophageal acid per-

www.turner-white.com

49.

50.

51.

52.
53.
54.
55.

56.

57.

58.

59.

60.

61.
62.

63.

fusion sensitizes the esophagus to mechanical distension:
a Barostat study. Am J Gastroenterol 2000;95:2189–94.
Dekel R, Pearson T, Wendel C, et al. Assessment of oesophageal motor function in patients with dysphagia or
chest pain—the Clinical Outcomes Research Initiative
experience. Aliment Pharmacol Ther 2003;18:1083–9.
Katz PO, Dalton CB, Richter JE, et al. Esophageal testing
of patients with noncardiac chest pain or dysphagia. Results of three years’ experience with 1161 patients. Ann
Intern Med 1987;106:593–7.
Achem SR, Kolts BE, Wears R, et al. Chest pain associated with nutcracker esophagus: a preliminary study of the
role of gastroesophageal reflux. Am J Gastroenterol 1993;
88:187–92.
Achem SR, Kolts BE, Burton L. Segmental versus diffuse
nutcracker esophagus: an intermittent motility pattern.
Am J Gastroenterol 1993;88:847–51.
Singh S, Richter JE, Hewson EG, et al. The contribution of
gastroesophageal reflux to chest pain in patients with coronary artery disease. Ann Intern Med 1992;117:824–30.
Eslick GD. Usefulness of chest pain character and location
as diagnostic indicators of an acute coronary syndrome.
Am J Cardiol 2005;95:1228–31.
Karlson BW, Herlitz J, Wiklund O, et al. Early prediction of acute myocardial infarction from clinical history,
examination and electrocardiogram in the emergency
room. Am J Cardiol 1991;68:171–5.
Roberts RR, Zalenski RJ, Mensah EK, et al. Costs of an
emergency department-based accelerated diagnostic
protocol vs hospitalization in patients with chest pain: a
randomized controlled trial. JAMA 1997;278:1670–6.
Fleet RP, Dupuis G, Marchand A, et al. Detecting panic
disorder in emergency department chest pain patients:
a validated model to improve recognition. Ann Behav
Med 1997;19:124–31.
Proudfit WL, Bruschke VG, Sones FM Jr. Clinical course
of patients with normal or slightly or moderately abnormal coronary arteriograms: 10-year follow-up of 521
patients. Circulation 1980;62:712–7.
Pasternak RC, Thibault GE, Savoia M, et al. Chest pain
with angiographically insignificant coronary arterial obstruction. Clinical presentation and long-term follow-up.
Am J Med 1980;68:813–7.
Eslick GD, Talley NJ. Non-cardiac chest pain: predictors
of health care seeking, the types of health care professional consulted, work absenteeism and interruption of
daily activities. Aliment Pharmacol Ther 2004;20:909–15.
Clouse RE. Psychiatric disorders in patients with esophageal disease. Med Clin North Am 1991;75:1081–96.
Fass R, Fennerty MB, Ofman JJ, et al. The clinical and
economic value of a short course of omeprazole in patients with noncardiac chest pain. Gastroenterology 1998;
115:42–9.
Xia HH, Lai KC, Lam SK, et al. Symptomatic response
to lansoprazole predicts abnormal acid reflux in
endoscopy-negative patients with non-cardiac chest
pain. Aliment Pharmacol Ther 2003;17:369–77.

Hospital Physician February 2007

41

Hatfield & Wo : Nonerosive Reflux Disease : pp. 34–42
64. Bautista J, Fullerton H, Briseno M, et al. The effect of an
empirical trial of high-dose lansoprazole on symptom
response of patients with non-cardiac chest pain––a randomized, double-blind, placebo-controlled, crossover
trial. Aliment Pharmacol Ther 2004;19:1123–30.
65. Dickman R, Emmons S, Cui H, et al. The effect of a
therapeutic trial of high-dose rabeprazole on symptom
response of patients with non-cardiac chest pain: a randomized, double-blind, placebo-controlled, crossover
trial. Aliment Pharmacol Ther 2005;22:547–55.
66. Ofman JJ, Gralnek IM, Udani J, et al. The cost-effectiveness
of the omeprazole test in patients with noncardiac chest
pain. Am J Med 1999;107:219–27.
67. Fang J, Bjorkman D. A critical approach to noncardiac
chest pain: pathophysiology, diagnosis, and treatment.
Am J Gastroenterol 2001;96:958–68.
68. Hewson EG, Sinclair JW, Dalton CB, Richter. Twenty-fourhour esophageal pH monitoring: the most useful test
for evaluating noncardiac chest pain. Am J Med 1991;
90:576–83.
69. Prakash C, Clouse RE. Wireless pH monitoring in patients with non-cardiac chest pain. Am J Gastroenterol
2006;101:446–52.
70. Richter JE, Hewson EG, Sinclair JW, Dalton CB. Acid
perfusion test and 24-hour esophageal pH monitoring
with symptom index. Comparison of tests for esophageal acid sensitivity. Dig Dis Sci 1991;36:565–71.
71. Richter JE, Hackshaw BT, Wu WC, Castell DO. Edrophonium: a useful provocative test for esophageal chest
pain. Ann Intern Med 1985;103:14–21.
72. Cooke RA, Anggiansah A, Chambers JB, Owen WJ. A prospective study of oesophageal function in patients with
normal coronary angiograms and controls with angina.
Gut 1998;42:323–9.
73. Frobert O, Funch-Jensen P, Bagger JP. Diagnostic value
of esophageal studies in patients with angina-like chest
pain and normal coronary angiograms. Ann Intern Med
1996;124:959–69.
74. Richter JE, Barish CF, Castell DO. Abnormal sensory
perception in patients with esophageal chest pain. Gastroenterology 1986;91:845–52.
75. Paterson WG, Wang H, Vanner SJ. Increasing pain
sensation to repeated esophageal balloon distension in
patients with chest pain of undetermined etiology. Dig

Dis Sci 1995;40:1325–31.
76. Pandak WM, Arezo S, Everett S, et al. Short course of
omeprazole: a better first diagnostic approach to noncardiac chest pain than endoscopy, manometry, or 24-hour
esophageal pH monitoring. J Clin Gastroenterol 2002;
35:307–14.
77. Achem SR, Kolts BE, MacMath T, et al. Effects of ome
prazole versus placebo in treatment of noncardiac chest
pain and gastroesophageal reflux. Dig Dis Sci 1997;42:
2138–45.
78. Borjesson M, Rolny P, Mannheimer C, Pilhall M. Nutcracker oesophagus: a double-blind, placebo-controlled,
cross-over study of the effects of lansoprazole. Aliment
Pharmacol Ther 2003;18:1129–35.
79. Cattau EL Jr, Castell DO, Johnson DA, et al. Diltiazem
therapy for symptoms associated with nutcracker esophagus. Am J Gastroenterol 1991;86:272–6.
80. Richter JE, Dalton CB, Bradley LA, Castell DO. Oral
nifedipine in the treatment of noncardiac chest pain in
patients with the nutcracker esophagus. Gastroenterology 1987;93:21–8.
81. Clouse RE, Lustman PJ, Eckert TC, et al. Low-dose trazodone for symptomatic patients with esophageal contraction abnormalities. A double-blind, placebo-controlled
trial. Gastroenterology 1987;92:1027–36.
82. Cannon RO 3rd, Quyyumi AA, Mincemoyer R, et al.
Imipramine in patients with chest pain despite normal
coronary angiograms. N Engl J Med 1994;330:1411–7.
83. Varia I, Logue E, O’Connor C, et al. Randomized trial
of sertraline in patients with unexplained chest pain of
noncardiac origin. Am Heart J 2000;140:367–72.
84. Wulsin LR, Maddock R, Beitman B, et al. Clonazepam
treatment of panic disorder in patients with recurrent
chest pain and normal coronary arteries. Int J Psychiatry
Med 1999;29:97–105.
85. Klimes I, Mayou RA, Pearce MJ, et al. Psychological
treatment for atypical non-cardiac chest pain: a controlled evaluation. Psychol Med 1990;20:605–11.
86. van Peski-Oosterbaan AS, Spinhoven P, van Rood Y, et al.
Cognitive-behavioral therapy for noncardiac chest pain:
a randomized trial. Am J Med 1999;106:424–9.
87. Mayou RA, Bass CM, Bryant BM. Management of noncardiac chest pain: from research to clinical practice.
Heart 1999;81:387–92.

Copyright 2007 by Turner White Communications Inc., Wayne, PA. All rights reserved.

42 Hospital Physician February 2007

www.turner-white.com

